Background: Treatment options for soft tissue sarcoma (STS) patients aged 65 years (elderly) can be limited by concerns regarding the increased risk of toxicity associated with standard systemic therapies. Trabectedin has demonstrated improved disease control in a phase III trial (ET743-SAR-3007) of patients with advanced liposarcoma or leiomyosarcoma after failure of anthracycline-based chemotherapy. Since previous retrospective analyses have suggested that trabectedin has similar safety and efficacy outcomes regardless of patient age, we carried out a subgroup analysis of the safety and efficacy observed in elderly patients enrolled in this trial.
Introduction
Soft tissue sarcomas (STSs) are uncommon malignancies arising from tissues of mesenchymal origin [1] and comprise <1% of adult cancers [2] . Nearly, half of STS patients are aged >60 years at diagnosis [3] . Compared with younger STS patients, those aged 65 years (elderly) tend to have increased tumor size and grade at diagnosis and a worse prognosis [4] with higher local/ distant recurrence rates [5] . Due to concerns regarding physiologic function and therapy tolerance, elderly patients often receive less intensive treatment [3, 4, 6] . Elderly sarcoma patients often present with significant comorbidities [7] , including cardiovascular (e.g. hypertension, ischemic heart disease, venous thromboembolic events) [5, 8, 9] , renal, and respiratory disease [10] .
Elderly patients are also underrepresented in clinical trials, with limited data to guide management. Systemic therapy is the mainstay of treatment of advanced/metastatic disease, but the potential toxicities require careful consideration in the elderly population [8, 11, 12] . Given the specific issues faced by elderly STS patients, a clear need exists for prospectively collected data documenting the efficacy and tolerability of systemic therapies in this age group.
Trabectedin is an antineoplastic alkaloid that binds the DNA minor groove and bends it toward the major groove [13, 14] , resulting in inhibition of DNA transcription and repair. It also impacts tumor-associated macrophages and pro-inflammatory factors, such as tumor-associated chemokines and cytokines [13, 15] . The phase II STS-201 trial lead to the approval of trabectedin in the European Union in 2007 for patients with advanced, unresectable STS following failure of anthracycline and ifosfamide or those considered unsuitable for those agents [16] . The US approval was based on a prospective, randomized phase III trial (ET743-SAR-3007), comparing trabectedin to dacarbazine in patients with metastatic or unresectable liposarcoma or leiomyosarcoma (LPS/LMS) following a prior anthracycline-containing regimen. Trabectedin was associated with a 45% reduction in risk of disease progression or death, with a median progression-free survival (PFS) of 4.2 months (versus 1.5 months in the dacarbazine arm) [17] .
Previous retrospective studies [3, 18] and single case reports [8] have reported that trabectedin has similar efficacy and tolerability in elderly compared with younger STS patients. We report the elderly subgroup analysis of the safety and efficacy of trabectedin and dacarbazine in the ET743-SAR-3007 trial. The aim of this analysis was to provide oncologists with information and an evidence base for treatment selection for managing elderly STS patients.
Patients and methods

Patients
Inclusion and exclusion criteria for eligibility in this trial have been reported [17] . Briefly, eligible patients were aged 15 years with histologically proven unresectable, locally advanced, or metastatic LPS (pleomorphic, dedifferentiated, or myxoid) or LMS who were previously treated with at least: (i) a regimen containing an anthracycline and ifosfamide, or (ii) an anthracycline and 1 additional cytotoxic chemotherapy regimen(s). Review boards at all participating institutions approved the trial, which was conducted according to the Helsinki Declaration of the World Medical Association. All patients provided written informed consent to participate.
Study design
ET743-SAR-3007 was a phase III, randomized, multicenter, open-label, parallel-group international trial conducted between 27 May 2011 and 5 January 2015. Patients were randomized 2 : 1 to either trabectedin or dacarbazine as previously reported [17] . Treatment setting (inpatient versus outpatient) was at the investigator's discretion. Safety and efficacy assessments were conducted as previously reported and as described in the supplementary materials, available at Annals of Oncology online. The primary end point of the trial was overall survival (OS); secondary end points included PFS, objective response rate (ORR), time-toprogression, DOR, and safety. Clinical benefit rate (CBR) and duration of stable disease (SD) were analyzed to evaluate prolonged disease control. Time to initiation of subsequent anticancer therapy (including surgery and radiation) was carried out as an exploratory analysis (supplementary methods, available at Annals of Oncology online).
Statistical analyses
This exploratory analysis included all elderly patients who were randomized for the efficacy end points and all elderly patients who received 1 dose of study drug for the safety end points. The treatment effectiveness comparisons for OS and PFS were carried out using unstratified log-rank test. A Cox proportional hazard model was used to estimate hazard ratio for OS and PFS. The ORR and CBR were evaluated using Fisher's exact test. Safety data were summarized descriptively. The secondary end points of PFS, ORR, DOR, and CBR were carried out using data collected at the time of the interim analysis (clinical cut-off: 16 September 2013), which was carried out after 189 death events had occurred in the overall study population. At that time, 115 elderly patients had been randomized to the trial, and 69 PFS events had occurred in elderly patients. The final OS and safety analyses were carried out using data collected after 381 death events had occurred in the overall study population (clinical cutoff: 5 January 2015), at which time, 86 death events had occurred in elderly patients.
Results
Patient disposition and baseline demographics
By the clinical cut off for final OS analysis (5 January 2015), 577 patients had been randomized (384 trabectedin, 193 dacarbazine) and 550 treated (378 trabectedin, 172 dacarbazine). Of those randomized, 131 (94 trabectedin, 37 dacarbazine) were elderly (23% of study population), with ages ranging from 65 to 81 years. Ninety-three and 35 elderly patients were treated with trabectedin and dacarbazine, respectively; all but one patient (trabectedin arm) discontinued treatment, with disease progression the most common reason for discontinuation in each arm (60% and 86%, respectively).
Demographics and disease characteristics were generally balanced across treatment arms and were consistent with those of the overall study population. Among elderly patients, median ages were 69 and 70 years for the trabectedin and dacarbazine arms, compared with 57 and 56 years, respectively, in the overall study population. Prior therapy was similar between elderly patients and the overall study population; 84% and 95% of elderly patients in the trabectedin and dacarbazine arms, respectively, received 2 prior chemotherapy lines, and the median time from last disease progression to randomization was <1 month in both treatment arms (0.85 and 0.82 months, respectively). Among elderly patients, however, the distributions of LMS subgroups were disparate between the two treatment groups, with more than twice as many non-uterine LMS (52%) versus uterine LMS (23%) patients randomized to the trabectedin arm. Additional demographics and baseline characteristics are provided in Table 1 .
Compared with the overall study population, chronic medical conditions were more frequently reported within the elderly subgroup, involving the musculoskeletal, cardiovascular, gastrointestinal, endocrine, and metabolic systems (supplementary Table S1 , available at Annals of Oncology online). Elderly patients also reported more frequent use of analgesics, b blockers, antithrombotics, lipid-modifying drugs, diuretics, and reninangiotensin system inhibitors before trial enrollment (supplementary Table S2 , available at Annals of Oncology online).
Treatment exposure
Cumulative dose and dose intensities for both drugs were comparable between the elderly and overall study populations. In the elderly subgroup, the median number of treatment cycles in the trabectedin arm was twice that of the dacarbazine arm (four versus two cycles, respectively), consistent with the overall study population. The proportion of elderly patients achieving longterm disease control (defined as 6 cycles) was 43% in the trabectedin arm versus 23% in the dacarbazine arm, reflecting the overall study population. Elderly patients in the trabectedin arm received prolonged treatment exposures of 9 and 12 cycles (30% and 19%, respectively), similar to the overall study population. Cycle delays and dose reductions for elderly patients were more frequent for patients receiving trabectedin than dacarbazine. Dose reductions were reported in 53% of elderly patients in the trabectedin arm and 20% in the dacarbazine arm compared with 42% and 12%, respectively, in the overall study population (supplementary Table S3 , available at Annals of Oncology online).
Efficacy
At the clinical cut-off for final PFS analysis (corresponding with interim OS analysis), 115 elderly patients were randomized (81 trabectedin, 34 dacarbazine). Among elderly patients, 54% and 74% reported progression-related events in the trabectedin and dacarbazine arms, respectively. Data were censored for 46% in the trabectedin arm and 26% in the dacarbazine arm to estimate PFS. Median PFS was 4.86 months (95% confidence interval [CI]: 3.55, 7.13) for trabectedin and 1.48 months (95% CI: 1.38, 2.79) for dacarbazine (Figure 1 and supplementary Table S4 , available at Annals of Oncology online). The unstratified PFS analysis showed a significant improvement in the trabectedin arm, with an overall reduction in risk of disease progression or death by 60% compared with the dacarbazine arm [hazard ratio (HR) ¼ 0.40; 95% CI: 0.24, 0.67; P ¼ 0.0002], consistent with a significant improvement in PFS observed in the overall study population (HR ¼ 0.55; 95% CI, 0.44-0.70; P < 0.0001). While no elderly patients achieved a complete response, 7 (9%) and 1 (3%) patients in the trabectedin and dacarbazine arms, respectively, achieved partial responses. Moreover, 72% and 44% of patients in the trabectedin and dacarbazine arms, respectively, achieved partial response or SD as best overall response; neither the increase in ORR [9% versus 3%; OR (95% CI) ¼ 3.12 (0.37, 144.88; P ¼ 0.433)] nor CBR [38% versus 21%; OR (95% CI)¼2.39 (0.87, 7.26); P ¼ 0.083] reached statistical significance in subgroup analyses ( Table 2) .
At the time of clinical cut-off for final OS analysis, 131 elderly patients had been randomized (94 trabectedin, 37 dacarbazine). A total of 86 elderly patient deaths occurred: 63 (67%) and 23 (62%) in the trabectedin and dacarbazine arms, respectively, with censoring of survival data for 31 (33%) patients in the trabectedin arm and 14 (38%) patients in the dacarbazine arm. Median OS was 15.1 months (95% CI: 13.14, 19.15) for the trabectedin arm and 8.1 months (95% CI: 4.57, 14.72) for the dacarbazine arm ( Figure 2) . The unstratified OS analysis, however, did not reach statistical significance, with an overall reduction in risk of death by 28% in the trabectedin arm compared with the dacarbazine arm (HR ¼ 0.72; 95% CI: 0.45, 1.17; P ¼ 0.181). Although the point estimate of HR was improved relative to the overall study population, the OS results of this smaller subgroup also failed to reach statistical significance, consistent with findings in the overall study population.
Among elderly patients, post-trial anticancer therapy use was common in both arms: 73% and 60% for the trabectedin and dacarbazine arms, respectively. The most common therapies (15% of patients) in the trabectedin arm were dacarbazine (30%), pazopanib (28%), and radiation (15%), while those in the dacarbazine arm were pazopanib (35%), gemcitabine (19%), and radiation (16%). Eribulin use as a subsequent therapy was not frequently reported in either arm (4% and 0% for the trabectedin and dacarbazine arms, respectively) (supplementary Table S5 , available at Annals of Oncology online). Consistent with an increase in time to initiation of subsequent anticancer therapy observed in the overall study population [17, 19] , a similar increase was observed in this smaller subgroup of elderly patients but did not reach statistical significance: median 6.9 versus 4.7 months for the trabectedin and dacarbazine arms, respectively [HR (95% CI)¼0.62 (0.38, 1.01); P ¼ 0.053].
Safety
Of the elderly patients, 97% and 94% reported a treatmentrelated AE in the trabectedin and dacarbazine arms, respectively. Incidence of grade 3-4 AEs were similar to those of the overall study population, reported in 79% and 66% of elderly patients in the trabectedin and dacarbazine arms, respectively, versus 81% and 57% percent of patients in the overall study population. Of grade 3-4 AEs observed, 70% and 51% were considered treatment-related for the trabectedin and dacarbazine arms, respectively, versus 69% and 40% among the overall study population. Serious AE (SAE) rates were reported in 45% and 31% of patients in the trabectedin and dacarbazine arms, respectively, versus 41% and 30% of patients in the overall study population. Of those, 34% and 14% were considered treatment-related in elderly patients in the trabectedin and dacarbazine arms, respectively, versus 21% and 11% among the overall study population. Of note, AEs leading to discontinuation that were considered treatment-related were increased (28% versus 9% for trabectedin versus dacarbazine, respectively) in the elderly compared with the overall study population (17% versus 8%) (supplementary Table S6 , available at Annals of Oncology online).
No unique or unexpected toxicities were noted in this elderly subgroup. The most frequently experienced AEs in both arms were fatigue (76% and 57%) and nausea (74% and 49%). The majority of grade 3-4 toxicities were myelosuppression-related laboratory abnormalities and AEs for patients in either treatment arm as well as liver-related AEs in the trabectedin arm (Table 3) . While neutropenia was reported more frequently in the Values are presented as n (%) unless otherwise specified. BMI, body mass index; BSA, body surface area; ECOG, Eastern Cooperative Oncology Group.
trabectedin arm (50% and 31%, respectively), thrombocytopenia was more prevalent in the dacarbazine arm (37% and 51%, respectively), and anemia was similar in both arms (43% and 37%, respectively). Febrile neutropenia was infrequent (2% and 0% of trabectedin and dacarbazine patients, respectively).
Discussion
Case studies [8] and retrospective analyses [3, 18] have suggested that trabectedin may be an effective and tolerable option for elderly STS patients. Of the 577 patients randomized in the ET743-SAR-3007 trial, 131 were aged 65 years. The results of this subgroup analysis suggest similar outcomes between elderly patients and the overall population. With a median PFS of 4.86 months versus 1.48 months (HR ¼ 0.400; P ¼ 0.0002) for patients in the trabectedin and dacarbazine arms, respectively, trabectedin significantly improved disease control in elderly patients with advanced LPS/LMS compared with dacarbazine, consistent with the overall trial population and other end points of disease control: ORR, DOR, and CBR.
At the time of the final OS analysis, prolonged study drug administration (6 cycles) among elderly patients in the trabectedin arm was observed almost twice as frequently as in the dacarbazine arm (43% versus 23%, respectively). Elderly patients were just as likely to achieve disease control of 12 cycles as the overall study population (19% versus 11% in the trabectedin versus dacarbazine arms), with the maximum treatment exposure of 36 cycles in the elderly subpopulation.
As with the overall study population, improved disease control did not result in a statistically significant improvement in OS. Use of post-trial anticancer therapy may have confounded the OS end point, as OS is a composite end point of all therapy administered [20, 21] . While findings from ad hoc analyses of OS in the overall study population were consistent with this hypothesis [19] , the smaller size of the elderly subgroup prevents similar sensitivity analyses.
Toxicities observed in elderly patients treated with trabectedin were comparable in type and incidence to the overall study population, including grade 3-4 AEs reported in 79% and 66% of elderly patients in the trabectedin and dacarbazine arms, respectively; most toxicities were hepatic or hematologic. In light of the similar safety profile of trabectedin in the elderly subgroup, the increased rate of discontinuation due to drug-related AEs (28% versus 9% for trabectedin versus dacarbazine, respectively) compared with the overall study population (17% versus 8%) may reflect a more conservative approach by investigators in treating elderly patients. The greatest differences in rates of drugrelated AEs leading to discontinuation, by system-organ class, were attributed to investigation-related AEs (13% versus 0% for trabectedin versus dacarbazine), primarily liver and bone marrow toxicities, and to musculoskeletal/connective tissue disorders (4% versus 0% for trabectedin versus dacarbazine), primarily muscular weakness, arthralgia, and myalgia. The higher rate of discontinuation, however, did not impair the ability to demonstrate an improvement in disease control with trabectedin. In the overall trial population, an unexpected increased rate of cardiac-related AEs was observed among trabectedin-treated patients; however, objective declines in left ventricular ejection fraction were observed at similar rates in both arms (14% and 11% of assessed patients in the trabectedin and dacarbazine arms, respectively), though incomplete compliance and increased treatment exposure in trabectedin-treated patients may have confounded the findings. A post hoc multivariate analysis suggested that while treatment with trabectedin was not an independent risk factor, advanced age was suggested to present an increased risk in cardiac-related decline [22] . Therefore, monitoring for cardiac function is important in elderly trabectedin-treated patients who have been previously treated with anthracyclines.
We acknowledge the limitations of this study. Specifically, these findings reflect a retrospective analysis of data for a subgroup of elderly patients who were enrolled in the ET743-SAR-3007 trial rather than a prospective analysis designed to evaluate trabectedin in elderly patients (e.g. by incorporating a geriatric assessment tool). Consequently, all elderly patients were subjected to the same inclusion and exclusion criteria as the overall study population, thus limiting enrolled elderly patients to those who were sufficiently fit to meet those criteria and potentially excluding more fragile elderly STS patients. To compensate, we used descriptive statistics to assess for differences between elderly patients and their younger counterparts. This study demonstrated that elderly patients had increased rates of concomitant medication use and chronic medical conditions compared with the overall study population. Despite the limitations, these findings may serve as a basis for future prospective studies for data collection in older STS patients.
The clinical benefit observed with trabectedin in the elderly subgroup was consistent with the overall study population and with findings from previous retrospective analyses of trabectedin in patients aged >60 years [3, 18] . The higher rates of prolonged trabectedin exposure observed in the elderly subgroup and in the overall study population of ET743-SAR-3007 illustrate the tolerability of trabectedin. In conclusion, trabectedin is a reasonably tolerated and effective treatment option for elderly STS patients. These data provide practicing oncologists evidence regarding the safety/efficacy of trabectedin in elderly advanced sarcoma patients and indicate that participation of elderly STS patients in clinical trials should be encouraged.
